INTRODUCTION
Profiling the healthy gut has become critical as the variety and inclusion rate of specialized ingredients increase in poultry diets. Fiber in particular is of special interest because of its natural presence in feed ingredients commonly used in the poultry industry. The fiber contained within plants is a complex mixture of structural components, which makes evaluation of dietary fiber a difficult task. One approach to better understand how dietary fiber affects the digestive process of animals is to investigate purified fiber forms (Larsen et al., 1993) . Specifically, the effects of purified dietary fiber on intestinal structure, mucus thickness, and nutrient absorption, including amino acid absorption, should be evaluated. Our study focused on 2 types of fiber that are prevalent in feedstuffs (i.e., crystalline cellulose) and have potential to disrupt nutrient digestion specifically in avian species (i.e., high-methoxy pectin).
There are 3 main groups of fiber: cellulose, noncellulosic polymers, and pectic polysaccharides (Bailey and MacRae, 1973) . Pectin is a partially fermentable fiber that can be used by the microbial population of the hindgut or ceca. Pectin is also a soluble fiber that binds large amounts of water during fermentation. Soluble fibers increase viscosity of digesta contained within the gastrointestinal tract (GIT), thereby creating a gellike consistency that causes reduced weight gain and nutrient utilization in broiler chickens (Langhout et al., 1999) . In contrast to pectin, crystalline cellulose is a nonfermentable fiber commonly used as an inert ingredient or bulking agent in monogastric diets (Montagne et al., 2003; Hetland et al., 2004) . As a bulking agent, crystalline cellulose has been shown to have an abrasive effect on the gut by increasing mucus sloughing. The mucus layer is dynamic (i.e., constantly being degradation and resynthesized) and is involved in protection, Combined dietary effects of supplemental threonine and purified fiber on growth performance and intestinal health of young chicks E. L. Wils-Plotz and R. N. Dilger 1
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ABSTRACT Characterization of intestinal health in poultry has become imperative as specialized ingredients become more common in poultry diets. We tested whether purified fiber affects dietary Thr requirements and intestinal morphology of young chicks. In experiment 1, three diets containing 7% added silica sand (control), cellulose, or high-methoxy pectin were used. Six replicate pens of 6 chicks received dietary treatments through d 14 posthatch, at which time growth performance and nutrient digestibility were determined. In experiment 2, the effect of purified fiber on dietary Thr requirements was determined using a Thr-deficient basal diet (3.2 g of Thr/kg of diet) and 7 graded levels of supplemental Thr (0 to 9.6 g/kg of diet). Six replicate pens of 5 chicks were tested from d 8 to 21 posthatch, and ileal tissue was collected at the conclusion of the study for histological evaluation. In experiment 1, pectin reduced (P < 0.05) weight gain, feed efficiency, DM digestibility, and AME n compared with the control diet. In experiment 2, supplemental Thr requirements were estimated by fitting growth performance data to a 1-slope, broken-line (i.e., piece-wise) regression model. For the control and cellulose-and pectin-containing diets, supplemental Thr requirements were estimated at 3.64, 2.60, and 2.38 g of Thr/kg of diet, and at 778, 737, and 576 mg of supplemental Thr intake over the 21-d study, respectively, based on BW gain. For histological measures, crypts were deepest (P < 0.03) in the cellulose treatment; total goblet cell count and density were highest (P < 0.03) in the pectin-fed birds, and mixed goblet cell counts were highest (P < 0.03) in the control treatment. The serosa was thickest in the cellulose treatment with adequate supplemental Thr, and acidic and neutral goblet cell counts were highest in the control treatment with adequate Thr supplementation (fiber × Thr, P < 0.05). These findings suggest both dietary Thr concentration and fiber source affect growth performance, intestinal morphology, and mucin secretion in young chicks, which may directly affect poultry feeding strategies.
lubrication, and nutrient transport (Montagne et al., 2004) . After its erosion by dietary fiber, the amount of mucus within the GIT must be balanced by increased secretion from goblet cells (Montagne et al., 2004) . As one of the major constituents of the mucus layer, mucin is of particular interest because the addition of dietary fiber may alter the amount and type of mucin produced within the gut (Faure et al., 2005) . Mucin specifically protects the epithelium from digestive enzymes and acid, but it also acts as a physical barrier against foreign pathogens (Kim and Ho, 2010) . One way to evaluate the effects of dietary fiber on mucin dynamics is to quantify the number and type of goblet cells present within the gut (Montagne et al., 2003; Hedemann et al., 2006) . Proteins, and some specific amino acids, have been shown to interact directly with goblet cells to influence the type of mucins being produced (Faure et al., 2005) . Serine, Thr, and Cys are the predominant amino acids that compose mucin (Montagne et al., 2004) , with Thr being of greatest importance because it constitutes up to 11% of amino acids composing mucin, as encoded by the mucin 2 gene (Gum et al., 1992) . Therefore, it has been suggested that mucin dynamics within the gut may be sensitive to Thr availability. Faure et al. (2005) found that dietary Thr restriction reduced mucin synthetic rate in the rat.
Based on evidence that dietary fiber influences morphological aspects of the intestine and noting the importance of Thr in mucin synthesis, we hypothesized that dietary Thr requirements would increase in the presence of purified dietary fiber. The objective of experiment 1 was to determine the effect of practical-type diets (based on corn and soybean meal) containing purified fiber sources (cellulose and pectin) on nutrient utilization within the GIT. Once nutrient digestibility values and energy content of the diets were evaluated, all diets for experiment 2 were formulated to be both isocaloric and isonitrogenous. The objective of experiment 2 was to establish the Thr requirement of the growing chick in the absence and presence of purified dietary fiber sources.
MATERIALS AND METHODS
All animal care procedures were approved by the University of Illinois Institutional Animal Care and Use Committee before initiation of experiments.
Experiment 1
Birds and Husbandry. One hundred eight 1-d-old male New Hampshire × Colombian broiler chicks were used in this experiment. Chicks were housed in thermostatically controlled starter batteries with raised wire floors in an environmentally controlled room with continuous lighting. At hatch, chicks were weighed, wingbanded, and assigned to treatment groups so that the initial weight was similar among treatment groups. Six replicate pens of 6 chicks were randomly assigned to each of 3 treatments for the 14-d experiment. Diets differed only by the purified fiber source added, cellulose or pectin, included at 7% of the diet. Silica sand was used as a replacement for the purified fiber in the control diet (also added at 7%). Chromium oxide was used as a biological marker to calculate nutrient digestibility coefficients. All diets were formulated to meet or exceed NRC (1994) recommendations (Table 1) . Mash feed and fresh water were offered ad libitum. Chicks and feeders were weighed on d 1, 7, and 14 posthatch to determine BW gain, feed intake (FI), and G:F for each replicate pen of chicks. On d 14 posthatch, chicks were euthanized by CO 2 asphyxiation. Excreta samples were collected over a 24-h period (d 13 to 14 posthatch) to evaluate nutrient digestibility and determine AME n content of the diets.
Chemical Analyses. Excreta samples were freezedried and ground in a coffee grinder. A subsample was then analyzed according to procedures of the AOAC International (2006) for DM, organic matter (OM), and ash (methods 934.01, 942.05). For all samples, CP content was determined using total N values (AOAC International, 2006, method 992.15; model FP-2000, Leco Corp., St. Joseph, MI) and gross energy (GE) was measured using an adiabatic bomb calorimeter (model 1261, Parr Instruments, Moline, IL). Chromium concentrations in all samples were analyzed according to Williams et al. (1962) using atomic absorption spectrophotometry (model 2380, Perkin-Elmer, Norwalk, CT).
Calculations. All calculations were made on a DM basis. Apparent digestibility values were calculated as in Dilger et al. (2004) :
where AID X is the apparent ileal digestibility of DM, GE, and N; Cr I is the chromium concentration of dietary intake; Cr O is the chromium concentration of ileal output; Nutrient O is the nutrient concentration of ileal output; and Nutrient I is the nutrient concentration of dietary intake. Nitrogen retention and AME n were calculated as in Leeson (2001) . The N retained was calculated by
where N diet and N excreta (%) represent the analyzed N concentration of diet and excreta samples, respectively. The following equation was adapted from Lammers et al. (2008) :
where AME n (kcal/kg) is the N-corrected AME content of the diet; GE diet and GE excreta (kcal/kg) are the GE concentrations of the diet and excreta, respectively; Cr diet and Cr excreta (%) are the chromic oxide concentrations in the diet and excreta, respectively; 8.22 is the energy value attributed to uric acid; and N retained (g/ kg) is the N retained by the chicks per kilogram of FI.
Experiment 2
Birds and Husbandry. Six hundred thirty 8-d-old male New Hampshire × Colombian broiler chicks were used in this experiment. From hatch through d 7 posthatch, chicks were fed a typical corn-soybean meal starter diet that provided 230 g of CP/kg and met or exceeded NRC (1994) recommendations for broilers. After overnight food deprivation, chicks (8 d posthatch) were housed and allotted to treatments as described for experiment 1. Six replicate pens of 5 chicks were randomly assigned to each treatment in the experiment, which was conducted from d 8 to 21 posthatch. Diets were semipurified in nature and differed by the fiber source added (7% added silica sand, cellulose, or pectin), identical to the approach used in experiment 1. The basal diet was Thr-deficient (3.2 g/kg of diet; Table 1), and within each series of fiber-containing diets, treatments contained 1 of 7 graded levels of supplemental Thr (0, 1.6, 3.2, 4.8, 6.4, 8.0, or 9.6 g/kg) surrounding the NRC (1994) recommendation for 0-to 3-wk-old birds. All diets were formulated to meet or exceed NRC (1994) recommendations except for Thr. Mash feed and fresh water were offered ad libitum. Chicks and feeders were weighed on d 8, 14, and 21 posthatch to determine BW gain, FI, and G:F for each replicate pen of chicks.
Sample Collection. On d 21 posthatch, chicks were euthanized by CO 2 asphyxiation and immediately dissected. Ileal tissue was collected from 1 randomly selected chick out of each of 6 replicate pens per diet (i.e., 6 chicks per treatment), but only included treatments containing 0, 4.8, or 9.6 g of Thr/kg of diet in each series of diets (9 treatments total, with the 3 Thr concentrations represented in each of the sand-, cellulose-, and pectin-containing diets). A 2.54-cm segment of ileal tissue sampled at the midpoint of the region extending from Meckel's diverticulum to the ileocecal junction was collected and submersed in 10% neutral-buffered formalin for 24 h to fix the tissue. Ileal tissue samples were subsequently placed in 95% ethanol and submitted to the University of Illinois, College of Veterinary Medicine Histology Laboratory for tissue processing.
Histological Analysis. Ileal samples were processed and double-stained with Alcian blue and periodic acidSchiff (Horn et al., 2009 ) to determine villus height, crypt depth, goblet cell count, goblet cell density, and goblet cell type. The Alcian blue and periodic acidSchiff stain was used specifically to quantify the number of acidic, neutral, and mixed (both acidic and neutral) goblet cells. Total goblet cell count was quantified by counting the number of positively stained goblet cells per villus, and goblet cell density was quantified by dividing goblet cell count by villus height per each individual villus.
Measurements of villus height and crypt depth were collected by selecting 10 intact villi/crypts from up to 6 chicks per treatment. Villus height measurements extended from the crypt mouth up to the villus tip, and crypt depth was measured from the crypt mouth to the top of the crypt valley. Additionally, 20 serosal thickness measurements were collected from each subject selected for villi/crypt measurements. Serosal thickness was defined as extending from the top of the circular muscle layer to the bottom of the longitudinal muscle layer.
Statistical Analysis
Experiment 1. Data were analyzed by ANOVA using the GLM procedure of SAS (SAS Inst. Inc., Cary, NC). Data were analyzed by using pen means with procedures appropriate for a completely randomized design. The statistical model only included the fixed main effect of diet. Overall treatment effects with a probability of P < 0.05 were accepted as statistically significant. Mean separation (Tukey's Studentized range test) was used when a significant main effect of diet was noted. Experiment 2. Data were analyzed by ANOVA using the GLM procedure of SAS (SAS Inst. Inc.). Data were analyzed with procedures appropriate for a completely randomized design. The statistical model included the fixed main effects of dietary fiber source (control, cellulose, or pectin) and supplemental dietary Thr concentration, as well as their interaction. A 1-slope, broken-line (i.e., piece-wise) regression model was fitted to estimate supplemental Thr requirements based on growth performance parameters (Robbins et al., 2006) . The resulting dietary Thr requirements were further compared with individual t-tests and 2-tailed pairwise comparisons. Overall treatment main effects and interactions with a probability of P < 0.05 were accepted as statistically significant. Mean separation (Tukey's Studentized range test) was used when significant main or interactive effects were noted.
RESULTS

Experiment 1
Growth Performance. No differences in BW gain (g/chick) or G:F (g:kg) were observed between treatments for d 0 to 7 posthatch (Table 2) . However, pectin-fed birds had reduced BW gain (P < 0.05) and G:F (P < 0.05) compared with the cellulose-and control-fed birds during d 7 to 14 and d 0 to 14 posthatch. During d 0 to 7 posthatch, birds receiving the pectin treatment had greater (P < 0.05) FI than cellulose-fed birds, but no treatment differences were noted in FI for d 7 to 14 or d 0 to 14 posthatch. Nutrient Digestibility. No differences in AME n (kcal/ kg) were observed at d 7 posthatch, but the estimated AME n content of the pectin treatment was decreased (P < 0.05) relative to the control and cellulose treatments at d 14 posthatch (Table 3) . Nitrogen retained by cellulose-fed birds was higher (P < 0.05) than for control and pectin-fed birds at d 7 posthatch. Differences (P < 0.05) in N retention were observed among treatments at d 14 posthatch with cellulose and pectin treatments being highest and lowest, respectively. At d 14 posthatch, DM digestibility was reduced (P < 0.05) for pectin-fed birds than the cellulose and control diets.
Experiment 2
Estimated Dietary Thr Requirements. For d 8 to 14 posthatch, the supplemental Thr requirement (g/kg of diet) estimated for control-fed birds was 41% higher (P < 0.05) than either of the fiber-containing treatments, but for d 14 to 21 posthatch, the control and cellulose treatments had the highest (P < 0.05) estimated Thr requirements when compared with the pectin treatment (Table 4) . For the entire feeding period (d 8 to 21 posthatch), birds receiving the control and pectin diets had the highest (P < 0.05) and lowest (P < 0.05) Thr requirements, respectively (Figure 1) . On a milligram of intake basis, for d 8 to 14 and d 14 to 21, the control and pectin diets had the highest (P < 0.05) and lowest (P < 0.05) Thr requirements, respectively (Table 4) . For the entire feeding period (d 8 to 21 posthatch), the control and cellulose treatments had a 24% increase (P < 0.05) in the Thr requirement compared with the pectin treatment (Figure 2) . Histological Data. Only diets containing the most deficient, adequate, and most excess supplemental Thr concentrations determined in experiment 1 (0, 4.8, and 9.6 g/kg), within each diet type, were analyzed for intestinal morphology and goblet cell density and type. There was no effect of dietary treatment on villus height or the villus height:crypt depth ratio, but crypt depth was affected (P < 0.01) by purified fiber source, with cellulose-and pectin-containing diets having deeper crypts compared with the control diet (Table 5) . A trend (P < 0.10) for an interactive effect between fiber source and supplemental Thr concentration was also noted for crypt depth, where the cellulose diet elicited the deepest crypts when supplemented with adequate Thr (4.8 g/kg supplemental Thr). A similar interaction was noted for serosal thickness, where consumption of the cellulose-containing diet resulted in the thickest serosa, with Thr adequacy producing a thicker serosa over the Thr-deficient and Thr-excess diets (fiber × Thr, P < 0.05).
Total goblet cell count was highest (P < 0.01) in the pectin-fed birds (Table 5; Figure 3 ). This measure was also increased (P < 0.01) with adequate Thr (4.8 g/kg) supplementation over the Thr-deficient or Thr-excess treatments. For goblet cell density, fiber-containing diets elicited a higher density (P < 0.01) compared with the control diet. A trend was noted for the interactive effect (P < 0.06) between fiber and Thr for both total goblet cell count and density, where, numerically, pectin-fed diets supplemented with adequate or excess Thr concentrations produced a greater total goblet cell count and density than at the deficient Thr concentration. For goblet cell type, both acidic and neutral types had higher counts in the control diet when supplemented with adequate Thr compared with deficient or excess concentrations (fiber × Thr, P < 0.05). Mixed goblet cell counts were highest (P < 0.05) in the control-fed birds and were also increased (P < 0.01) with adequate and excess Thr concentrations. A trend (P < 0.09) was observed between fiber and Thr for mixed goblet cell counts, with the pectin-containing, Thr-deficient diet having the lowest mixed goblet cell count. Overall, acidic and mixed goblet cells were numerically more prevalent than the neutral type.
DISCUSSION
Based on previous evidence that dietary fiber influences both nutrient availability and morphological Table 3 . Effect of purified dietary fiber on nutrient digestibility, nitrogen retention, and AME n content of diets fed to chicks ( a-c For each time period, means within a column lacking a common superscript differ (P < 0.05). 1 Requirement estimates derived from feeding each diet to 6 replicate pens of 5 chicks; mean initial BW was 79 g. 2 Diets contained 7% silica sand (control), cellulose, or pectin with 7 graded levels of supplemental Thr within each diet type (0, 1.6, 3.2, 4.8, 6.4, 8.0, and 9.6 g/kg) . The basal diet contained 3.1 g of Thr/kg of diet from intact protein provided by corn and soybean meal. . The basal diet contained 3.1 g of Thr/kg of diet from intact protein provided by corn and soybean meal. Supplemental Thr requirements (Supp. Thr Reqt.; g/kg) were estimated at the breakpoint for each series of diets (control, cellulose, or pectin), and requirement estimates were compared with individual t-tests and 2-tailed pairwise comparisons. Requirement estimates lacking a common letter (a-c) differ (P < 0.05).
Figure 2. Average BW gain (g per chick) regressed on supplemental dietary Thr intake (mg) for d 8 to 21 posthatch using a 1-slope, brokenline regression. Diets contained 7% silica sand (control), cellulose, or pectin with 7 graded levels of supplemental Thr (0, 1.6, 3.2, 4.8, 6.4, 8.0 , and 9.6 g/kg). The basal diet contained 3.1 g of Thr/kg of diet from intact protein provided by corn and soybean meal. Supplemental Thr requirements (Supp. Thr Reqt.; mg) were estimated at the breakpoint for each series of diets (control, cellulose, or pectin), and requirement estimates were compared with individual t-tests and 2-tailed pairwise comparisons. Requirement estimates lacking a common letter (a,b) differ (P < 0.05).
aspects of the small intestine, and noting the importance of Thr in mucin composition and synthesis, it was hypothesized that dietary Thr requirements would increase in the presence of purified dietary fiber. In the current study, pectin significantly decreased nutrient availability, whereas cellulose was essentially inert. Contrary to what was hypothesized, soluble fiber decreased the supplemental Thr requirement to support growth of the young chick. Overall, neither fiber nor Thr affected morphological aspects of the intestinal tissue or goblet cell quantity and type.
Not surprisingly, our study provided clear evidence that cellulose contributed no nutritive value to the birds; all growth data were consistent with the effects of silica sand, which has no attributed nutritive value. As an insoluble fiber, crystalline cellulose adds bulk to the diet because it is resistant to digestive enzymes within the GIT (Trowell, 1976) . The fermentation of insoluble fibers by the GIT bacterial populations in poultry is very low, which makes its effect on the number and type of bacteria present virtually insignificant (Choct et al., 1996; Langhout, 1998) . Conversely, the addition of dietary pectin decreased the growth performance of the birds as a result of decreased nutrient digestibility. This outcome supports previous research that adding soluble fiber to a diet alters nutrient digestibility in chickens, pigs, and humans (Doherty and Jackson, 1992; Mosenthin et al., 1994; Langhout et al., 1999; Batal and Parsons, 2002; Zhu et al., 2005) . Soluble dietary fiber creates a viscous environment within the GIT, which has been shown to alter the rate of passage, pH, enzyme activity, and luminal morphology, all of which interfere with digestion and absorption of nutrients (Doherty and Jackson, 1992; Mosenthin et al., 1994; Langhout et al., 1999) . This increased viscosity effectively prevents birds from accessing dietary nutrients, and thus limits the AME n they are able to derive from the diet. This nutrient limitation presumably underlies the decrease in growth performance observed in pectin-fed birds compared with the cellulose and control treatments. Larsen et al. (1993) observed a linear relationship between digesta viscosity and endogenous N losses at the terminal ileum. Whereas N retention was determined from excreta samples in our study, we also found that pectin supplementation decreased N retention and N digestibility over both the control and cellulose diets. Mason and Palmer (1973) noted that fermentable products (e.g., pectin) increase N and amino acid excretion due to bacterial synthesis of amino acids in the lower gut and ceca. This increase in N excretion has also been observed in rats fed soluble dietary fiber (Tetens et al., 1996) .
In our study, cellulose-treated birds exhibited the greatest amount of N retained and the highest N digestibility, and birds receiving cellulose were also observed to have the thickest serosa. Stanogias and Pearce (1985b) noted an enlargement of the GIT in animals receiving feedstuffs containing insoluble fiber. Means within a row lacking a common superscript differ (P < 0.05).
1
Values are means from 1 randomly chosen bird out of 6 replicate pens of 5 chicks; mean BW of chicks at d 21 posthatch was 205 g.
2
Units for height, depth, and thickness measurements are micrometers. Goblet cell density defined as number of goblet cells per μm of villus height, and acidic, neutral, and mixed goblet cell counts displayed as number per villus.
3 Diets contained 7% silica sand (control), cellulose, or pectin with 3 (selected) graded concentrations of supplemental Thr (0, 4.8, and 9.6 g/kg).
4
Main effect of dietary fiber (P < 0.05).
5
Fiber × Thr interaction (P < 0.05).
6
Main effect of dietary Thr concentration (P < 0.05).
The increase in N retention in animals receiving insoluble dietary fiber may be due to increased protein deposition within the GIT to promote peristaltic action of the intestine. Previous research indicates that fiber increases N retention in the pig and rat (Stanogias and Pearce, 1985a; Younes et al., 1995; Lenis et al., 1996) . Parsons (1984) noted an increase in DM excretion in cellulose-fed cecectomized laying hens. The ability of chicks to digest nutrients increases with age (Batal and Parsons, 2002) , which may be one reason that controland pectin-fed birds exhibited similar nutrient digestibility values d 0 to 7 posthatch, but discrepancies were later noted. Although we had hypothesized that cellulose would increase goblet cell count and density, due to an abrasive sloughing of mucus and alteration in mucin secretion (Montagne et al., 2003) , pectin-fed birds in our study exhibited the highest goblet cell density, which may indicate a change in mucin dynamics. Langhout et al. (1999) also observed that addition of high-methoxy citrus pectin increased goblet cell counts by 66% compared with a wood cellulose control treatment. This increase in goblet cell number in the pectin-fed birds suggests a thicker mucus layer was lining the epithelium, which could also contribute to the decreased nutrient availability. Moreover, this may have also increased the energy requirement for maintenance of the GIT, thus increasing the amount of nutrients used by the gut instead of lean body mass (i.e., leading to decreased growth performance).
We also hypothesized that addition of purified dietary fiber would increase the supplemental Thr requirement; however, the opposite was observed. As estimated over the total study period, pectin decreased the Thr requirement compared with cellulose and control treatments, even though all diets were formulated to be isocaloric and isonitrogenous based on empirical evidence from experiment 1. The pectin treatment also decreased growth significantly; thus, the lower Thr requirement may have been a reflection of the smaller size of the pectin-fed birds. Birds receiving the control and cellulose treatments consumed 4.7 and 4.8 mg of Thr/g of BW gain, respectively, but birds fed the pectin treatment consumed 5.3 mg of Thr/g of BW gain. Consequently, birds fed the pectin treatment consumed more Thr, but had decreased BW gain compared with the control and cellulose treatments. Therefore, the estimated Thr requirement of pectin-fed chicks was actually greater than that for birds receiving the control and cellulose treatments when expressed as milligrams of Thr intake per gram of BW gain. Moreover, although the Thr requirement of pectin-fed birds was numerically lowest, all Thr requirements estimated in our study were lower than the NRC (1994) recommendation of 8 g of Thr/kg of diet. With the basal concentration of 3.2 g of Thr/kg of diet, the total Thr requirements estimated for birds receiving the silica sand (control), cellulose, and pectin treatments were 6.8, 5.8, and 5.6 g of Thr/kg of diet, respectively. Previous research suggests the dietary Thr requirement of broilers may actually be below the current NRC recommendation (Thomas et al., 1987; Kidd et al., 2001) ; thus, the Thr requirement estimate remains a debated point. Thus, further investigation of the effect of soluble fiber on the Thr requirement of growing chicks is warranted. Although supplementation with 7% cellulose increased N retention and N digestibility in our study, all other analyses led to the conclusion that cellulose is basically an inert ingredient. Conversely, pectin negatively affected nutrient utilization and growth of the young chick. Overall, the addition of purified fiber did not yield an increase in estimated Thr requirements as originally hypothesized. The dynamic relationship between Thr and mucin is complicated, and from results of the current study, we conclude that addition of 7% purified cellulose or pectin to the diets of young chicks does not alter Thr requirements as specifically related to mucin dynamics. Further research into the effects of purified pectin on the requirement of amino acids is warranted, however, due to the decrease in estimated Thr requirement observed for birds receiving the pectin-supplemented diet.
